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PHASE DETECTION APPARATUS AND
METHOD

BACKGROUND OF THE INVENTION

Phase detectors are an essential component of phase-lock-
loops (PLLs) which are used in a variety of communication
systems. One type of phase detector uses a pair of flip-flops
that each recerve an mput signal and each generate an output
signal. The phase detector relies on the common-mode
rejection of circuitry within the PLL to extract a differential
output pulse from the two output signals. The differential
output pulse has a pulse width equal to the time delay
between the 1nput signals which indicates the phase differ-
ence between the input signals. High performance of the
communication system 1s dependent on high common-mode
rejection of the circuitry in the PLL, which 1s difficult to
maintain over a wide signal bandwidth. This type of phase
detector 1s also susceptible to spurious signals from power
supplies and other sources which produce unwanted
differential-mode spurious signals at the outputs of the
flip-flops. The circuitry coupled to the flip-tlops 1s respon-
sive to differential-mode signals 1n order to extract the
differential output pulse, but the circuitry also responds to
the unwanted differential-mode spurious signal, degrading
the performance of the communication system in which this
type of phase detector 1s used. In addition, mismatches in
propagation delays through the flip-flops also generate
differential-mode spurious signals, further degrading the
system’s performance.

SUMMARY OF THE INVENTION

According to the preferred embodiment of the present
invention, a phase detector includes a pair of flip-tlops and
a logic block to 1solate spurious signals from the phase
detector’s output. Each of the flip-flops receives one of the
input signals applied to the phase detector. The logic block
receives both of the mput signals and generates an output
signal 1n response to the time delay between corresponding
amplitude transitions, such as rising edges, of each of the
input signals. The tlip-flops record which one of the two
input signals leads in phase and steer the output signal to one
or the other of the phase detector’s two output terminals.
When the output signal 1s present at one of the output
terminals, no output signal 1s present at the other output
terminal. As a result, performance of the system 1n which the
phase detector 1s used does not rely upon common-mode
rejection of circuitry coupled to the output terminals of the
phase detector.

A pair of gates, each coupled to one of the output
terminals and to one of the flip-tflops steers the output signal
to the appropriate output terminal. The logic block 1is
coupled to both gates. The flip-flop receiving the 1nput signal
that leads 1n phase generates an enable signal that 1s applied
to the gate to which the flip-flop 1s coupled, allowing the
output signal from the logic block to pass to the output
terminal coupled to that gate. The logic block delays the
output signal so that the appropriate gate 1s enabled before
the output signal reaches the gates. The enabled gate
changes 1ts output state in response to the later-arriving
output signal, causing spurious signals from the flip-tlops to
be suppressed at the phase detector’s output terminals,
improving the performance of the system 1n which the phase
detector 1s used.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a prior art phase detector;
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2

FIG. 2 shows a timing diagram for the prior art phase
detector;

FIG. 3 shows a phase detector constructed according to
the preferred embodiment of the present invention; and

FIG. 4 shows a timing diagram for the phase detector of
FIG. 3.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 shows a prior art phase detector 10 including a pair
of D flip-flops 12a, 126 and a NAND gate 14, used to reset
the flip-flops. Each of the flip-flops receives an mput signal
11a, 11b. The rising edge of the input signal that leads 1n
phase, for example mnput signal 1la, sets the Q output 13a
of the corresponding flip-flop 124 to the HIGH state. The
rising edge of the mnput signal that lags 1n phase, for example
input signal 115, then sets the Q output 135 of the second
flip-flop 125 to the HIGH state. Once the Q output 13b of the
second flip-flop 12b transitions to the HIGH state, the output
of the NAND gate 14 clears both of the flip-tlops 12a, 125,
thereby driving the Q outputs of both flip-flops to the LOW
state.

FIG. 2 shows a timing diagram that includes the wave-
forms of the mput signals 11a, 115 applied to the phase
detector 10 and the waveforms of the resulting Q outputs
13a, 13b. The time delay T between rising edge 15a of the
leading input signal 11a and the rising edge 15b of the
lageing 1nput signal 115 results from the phase difference
between the 1nput signals. For example, when the flip-flop
12b receives the mput signal 115 that lags 1n phase, the
flip-flop generates a reset pulse 175 at its Q output 13b, once
the flip-tlops 12a, 12b are cleared by the output of the
NAND gate 14. The differential output signal 18 from the
phase detector 10, 1s the difference between the Q output 134
of the tlip-flop 12a and the Q output 135 of the tlip-tlop 125,
which 1s an output pulse 174 having a pulse width T equal
to the time delay T between rising edge 154 of the leading
input signal 11a and rismmg edge 15b of the lagging 1nput
signal 11b. It 1s this pulse width T that corresponds to the
phase difference between the leading input signal 11a and
lageing 1nput signal 11b. However, due to differences 1n
internal delays between the clear mput CLEAR and the Q
outputs 13a, 13b within of each the flip-flops 124, 12b, the
falling edge 19a of the Q output 13a does not always occur
at the same time as the falling edge 195 of the Q output 13b.
Although both flip-flops 12a, 12b are cleared by the output
of the NAND gate 14 at the same time, the difference in
internal delays and modulation of switching thresholds
caused by spurious signals on the power supply +V cause the
falling edges 194, 19b of the Q outputs 134, 13b to become
oifset 1n time by a time duration AT. The non-coincidental
falling edges 19a, 19b produce a differential-mode glitch
signal 9 in addition to the output pulse 17a of the output
signal 18.

The Q outputs 134, 13b trom the thip-flops 124, 12b are
also susceptible to unwanted spurious signals from power
supplies and other sources. For example, spurious signals
present at the tlip-flop 12b are sampled by the reset pulse
17b, while spurious signals coupled to the other tlip-tlop 124
are sampled by the other Q output 134, resulting in
differential-mode spurious signals between the outputs of
the flip-flops 124, 12b. Circuitry (not shown) coupled to the
phase detector 1n a PLL or communication system, receiving
the differential output, responds not only to the desired
output pulse 174, which indicates the phase difference
between the applied 1input signals 11a, 115, but also responds
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to the differential-mode spurious signals, thereby degrading
the performance of the system in which the phase detector
10 1s used. The glitch signal 9 also produces unwanted
spurious signals which may decrease the performance of
phase-lock-loops or other communication systems in which
the phase detector 10 1s used.

FIG. 3 shows a phase detector 20 constructed according,
to the preferred embodiment of the present invention. The
phase detector 20 has a lead/lag indicator 29 that includes a

pair of flip-flops 22a, 22b used to record which mput signal
of the two 1mput signals 214, 21b leads 1n phase relative to
the other input signal. A logic block 26 provides a signal 31
that indicates the duration of the time delay T between
corresponding amplitude transitions, such as rising edges, of
cach of the mput signals 21a, 21b. This time delay T
corresponds to the magnitude of the phase difference
between the applied mput signals 21a, 21b. The Q output of
cach of the flip-tlops 22a, 22b 1s applied to a corresponding
one of a pair of output gates 28a, 28b and the signal 31 from
the logic block 26 1s applied to both output gates 28a, 28b.
The Q outputs steer the signal 31 to a corresponding one of
the output gates 28a, 28b which 1n turn passes the signal 31
to form an output signal 25,27 at one of the output terminals

36a, 36b.

Each of the flip-flops 22a, 22b 1n the phase detector 20
receives one of the two input signals 21a, 21b. The logic
block 26 receives both input signals 21a, 215. When the
input signal 21a leads 1n phase relative to the nput signal
21b, the rising edge of the mput signal 21a sets the Q output
23a of the flip-flop 22a to which it 1s applied, to the HIGH
state. This Q output 23a of the tlip-tlop 224 1s then coupled
to a first input of the output gate 28a. The logic block 26 also
responds to the rising edge of the input signal 214 to produce
the signal 31 that 1s applied to a second 1nput of each of the
output gates 28a, 28b, but propagation through the logic
block 26 takes longer than propagation through each of the
flip-flops. Due to the longer propagation delay through the
logic block 26, the Q) output 23a of the flip-flop 22a changes
state before the signal 31 of the logic block 26 changes state.
Once the output 234 of the flip-tlop 224 1s 1n the HIGH state,
the output gate 28a does not transition to the HIGH state
until the signal 31 from the logic block 26 transitions to the
HIGH state. Thus, when the input signal 21a leads in phase,
the output gate 28a 1s enabled by the Q output 23a of the
flip-flop 224, but the timing of the transitions from the LOW
state to the HIGH state of the output signal 25 at the output
terminal 36a of output gate 284 1s determined by the signal
31 of the logic block 26. Similarly, when the input signal 215
leads 1n phase, the output gate 285 1s enabled by the Q output
23b of the flip-flop 225, but the timing of the transitions from
the LOW state to the HIGH state of the output signal at the

output terminal 36b of output gate 28b 1s determined by the
signal 31 of the logic block 26.

The signal 31 of the logic block 26 remains 1in the HIGH
state until the rising edge of the 1nput signal 215 propagates
through the logic block 26 and drives the signal 31 of the
logic block 26 to the LOW state. Once the signal 31 from the
logic block 26 1s in the LOW state the output signal 25
transitions to the LOW state. Once the 1nput signal 215 sets
the Q output 235 of the flip-flop 225 to the HIGH state, the
reset gate 24 clears the two flip-flops 22a, 22b, driving the

Q outputs 23a, 23b of the tlip-tlops to the LOW state.

In this example, the logic block 26 includes a pair of OR
gates 32a, 32b coupled to an exclusive OR (XOR) gate 34.
The Q output 234 of tlip-flop 224 1s coupled to the OR gate
32a 1n the logic block 26. The Q output 235 of tlip-tlop 225
1s coupled to the OR gate 32b 1n the logic block 26. The Q
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output 23a of the flip-tlop 224, recerving the input signal that
leads in phase (for example, input signal 21a) maintains one
input to the XOR gate 34 1n the HIGH state. Thus, the signal
31 at the output of the XOR gate 34 1s at the HIGH state,

which produces the HIGH state at output signal 25 at output
terminal 364, until the falling edge of the input signal 215,
which lags in phase, 1s presented. This falling edge sets the

Q output 23b of flip-tlop 225 to the HIGH state and when the
edge propagates through the OR-XOR path 1 the logic
block 26, the signal 31 at the output of the XOR gate 34 1s
driven to the LOW state, 1n turn, driving the output signal 25
at the output terminal 36a to the LOW state.

FIG. 4 shows a timing diagram for the phase detector 20).
In this example, the input signal 214 leads in phase relative
to the 1mput signal 21b, and the output signal 25 at output
terminal 36a of the phase detector 20 has a pulse width T,
equal to the duration of the time delay T between corre-
sponding amplitude transitions of the mput signals, such as
rising edge 25a of input signal 21a and rising edge 25b of
input signal 215. When the mput signal 21a leads in phase,
the output signal 27 at terminal 365 of the phase detector 20
remains 1n the LOW state. Similarly, when the 1nput signal
21b leads in phase (not shown), the output signal at terminal
364 of the phase detector 20 remains 1n the LOW state, while
the output signal at terminal 365 has pulse width equal to the
time delay T between corresponding amplitude transitions of
the mput signals 21a, 21b. Since one of the output signals at
the output terminals 36a, 36b remains 1in the LOW state
while the other 1s in the HIGH state, common-mode signals
between output terminals 36a, 36b are not present. The
absence of common-mode signals, 1n turn, reduces reliance
of system performance on common-mode rejection of cir-
cuitry (not shown) connected to the output terminals 36a,
36b of the phase detector 20. Typically, the circuitry 1n a PLL
or communication system coupled to the phased detector 20

1s responsive to differential-mode signals between the output
terminals 36a, 36b.

Because the flip-flops 224, 22b direct, or steer, the signal
31 from logic block 26 to one of the pair of output gates 284,
28b betore the signal 31 from the logic block 26 transitions
between LOW and HIGH states, a buffer interval At is
formed between the time that the state transitions of the Q
outputs 23a, 23b of the tlip-tlops 22a, 22b occur and the time
that the state transition at the one of the output terminals 364,
36b of phase detector 20 occur. This buffer interval At
1solates the differential output between output terminal 364
and output terminal 365 from the Q outputs 23a, 23b of the
flip-tlops 22a, 22b. Thus, spurious signals and jitter intro-
duced 1n the timing of the amplitude transitions of the Q
outputs 23a, 23b by power supplies or other sources 1s not
present on the differential output between output terminals
36a, 360 of the phase detector 20. This 1solation provides
immunity to spurious signals at the outputs 36a, 36b of the
output gates 28a, 28b and 1s especially beneficial when the
phase detector 1s used in fractional-N type phase-lock-loops,
which are inherently noisy and which generate high level
spurious signals on the PLL’s power supplies. The buifer
interval At also reduces the effect of mismatches 1n the
internal delays between the CLEAR 1inputs of the flip-flops
22a, 22b and the corresponding QQ outputs 23a, 23b, thereby
reducing the level of spurious signals at the output terminals

36a, 36b of the phase detector 20.

D flip-flops are shown 1n the preferred embodiment of the
present mnvention. Alternatively, the lead/lag indicator 29 1s
implemented using other types of latches in place of the D
flip-flops to receive the input signals and to indicate which
of the 1input signals leads or lags 1n phase relative to the other
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of the 1nput signals. The lead/lag indicator 29 receives the
input signals 21a, 215 and provides a pair of output signals
as shown 1n the preferred embodiment of the present
invention, or alternatively, the lead/lag indicator provides a
single output signal having a first output state, such as the
HIGH state, when the first mput signal 21a leads in phase
relative to the second mput signal 21b, and having a second
output state, such as the LOW state, when the first input
signal 21a lags 1n phase relative to the second input signal
21b. The lead/lag mdicator 29 1s clocked by rising edges,
falling edges, zero crossings or other corresponding ampli-
tude transitions of the input signals 214, 21b. In the preferred
embodiment of the present invention, the output gates 284,
28b are mmplemented using a pair of AND logic gates.
Alternatively, other types of circuitry 1s used to steer the
signal 31 from the logic block to one or the other of the
output terminals 36a, 36b according to the output signal
provided by the lead/lag indicator 29 which indicates which
of the two 1nput signals 214, 21b leads 1n phase.

What 1s claimed 1s:

1. A phase detector, producing a phase difference signal at
one of a pair of output terminals, responsive to the phase
difference between a first mput signal and a second input
signal, comprising:

a lead/lag 1indicator receiving the first input signal and the
second 1nput signal and generating an enable signal
according to which one input signal of the two 1nput
signals leads 1n phase relative to the other of the 1nput
signals;

a logic block receiving the first input signal and the
second 1put signal and generating an output signal
according to a time delay between corresponding,
amplitude transitions of the first input signal and the
second 1nput signal, the logic block delaying the output
signal relative to the enable signal; and

a gate coupled to the output terminals and to the logic
block and to the lead/lag indicator, receiving the enable
signal and the output signal and steering the output
signal to the one of the output terminals designated by
the enable signal to provide the phase difference signal.

2. The phase detector of claim 1 wherein the output signal
1s a pulse having a pulse width equal to the time delay
between corresponding amplitude transitions of the first
input signal and the second input signal.

3. The phase detector of claim 2 wherein the lead/lag
indicator includes a pair of flip-tlops, each flip-flop recerving
a different one of the two iput signals, and wherein the
enable signal includes;

a first signal provided by a first flip-tlop 1 the pair of
flip-flop having a first output state when the first input
signal leads 1n phase relative to the second input signal
and having a second output state when the first input
signal lags 1n phase relative to the second 1nput signal,
and

a second signal provided by a second flip-flop 1n the pair
of flip-tlop having a first output state when the second
input signal leads in phase relative to the first input
signal and having a second output state when the
second 1nput signal lags in phase relative to the first
input signal.

4. The phase detector of claim 3 wherein the correspond-
ing amplitude transitions comprise the rising edges of the
first nput signal and the second input signal, and the first
flip-flop 1s clocked by the rising edge of the first input signal
and the second tlip-flop 1s clocked by the rising edge of the
second 1nput signal.
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5. The phase detector of claim 4 further comprising a reset
cgate coupled to the first flip-flop and the second flip-flop,
clearing the first flip-flop and the second flip-flop when the
first flip-tlop 1s clocked by the rising edge of the first input
signal and the second flip-tlop 1s clocked by the rising edge
of the second 1nput signal.

6. The phase detector of claim 4 wherein the gate includes
a pair of output gates comprising;

a first output gate, coupled to a first output terminal 1n the
pair of output terminals and to the first flip-flop, for
receiving the first signal at a first mput and receiving
the output signal at a second input, and

a second output gate, coupled, to a second output terminal
in the pair of output terminals and to the second
flip-flop, for receiving the second signal at a first input
and receiving the output signal at a second input, and

wheremn the first output gate 1s enabled when the first
signal has the first output state and the second output
cgate 1s enabled when the second signal has the first
output state.

7. The phase detector of claim 6 wherein the first output
cgate provides a LOW output state when the second output
gate 1s enabled and the second output gate provides a LOW
output state when the first output gate 1s enabled.

8. The phase detector of claim 7 wherein the logic block
includes:

a 1irst logic gate coupled to the first tlip-flop, receiving the
first input signal and the first signal, producing a HIGH
output 1n response to at least one of the rising edge of
the first 1nput signal and the rising edge of the first
signal;

a second logic gate coupled to the second flip-flop,
rece1ving the second 1nput signal and the second signal,
producing a HIGH output 1n response to at least one of
the rising edge of the second mput signal and the rising
edge of the second signal; and

a third logic gate coupled to the first logic gate and the
second logic gate, the third logic gate generating the
output signal, having the HIGH output when one of the
first logic gate and the second logic gate produces the
HIGH output.

9. Aphase detector, producing a phase difference signal at
onc of a pair of output terminals, responsive to the phase
difference between a first input signal and a second 1nput
signal, comprising:

a first flip-tlop receiving the first input signal and gener-
ating a first signal having a HIGH output in response to
a rising edge of the first input signal;

a second flip-flop receiving the second input signal and
generating a second signal having a HIGH output 1n
response to a rising edge of the second 1nput signal;

a logic block receiving the first mput signal and the
second input signal and generating an output pulse
having a pulse width equal to the time duration between
the rising edge of the first mnput signal and the rising
edge of the second 1nput signal, the logic block delay-
ing the output pulse relative to the first signal and the
second signal;

a first gate coupled to a first output terminal 1n the pair of
output terminals and the first flip-flop and the logic
block, receiving the first signal and the output pulse,
providing the output pulse at the first output terminal
when the first signal has the HIGH output; and

a second gate coupled to a second output terminal in the
pair of output terminals and the second flip-tlop and the



3,936,430

7

logic block, receiving the second signal and the output
pulse, providing the output pulse at the second output
terminal when the second signal has the HIGH output.
10. The phase detector of claim 9 further comprising a
reset gate coupled to the first flip-flop and the second
flip-flop, receiving the first signal and the second signal and
clearing the first and second flip-flops when the first signal
and the second signal have the HIGH output.
11. A method for generating a phase difference signal
corresponding to the phase difference between a pair of input
signals, comprising the steps of:

recording which one of the input signals leads in phase
relative to the other of the input signals;

generating an output signal, delayed relative to the one of
the 1nput signals that leads in phase, and having a
duration equal to the magnitude of the time delay
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between corresponding amplitude transitions of the
input signals; and

steering the output signal to one of a pair of output

terminals according to the recorded one of the input
signals leading 1 phase.

12. The method of claim 11 wherein the corresponding
amplitude transitions of the mput signals comprise the rising
cdge of the first input signal and the rising edge of the second
input signal.

13. The method of claim 11 further comprising the step of
resetting the recorded signal to a predetermined level when
the rising edge of the input signal lageing 1n phase 1is
recorded.
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